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SPECIFICATION 

*'THE SEE LEVEL** An apparatus for moBitoriag the 
changing levels of fluid in a preexisting container at a remote location. 
(An intelligent Dip Stick). 



Claims 



n«,n, 1 An apparatus for monitoring the level of fluid in a vessel with no 
^^cal mo^gTS> at a remote location, providing an incremental display and data 
output for process control, if required. 

Claim 2. An apparatus according to claim 1 vfbsircm the system will operate in a 
remote location without a local source of power. 

Claim 3 An apparatus according to claim 1 wherein the probe shall be custom 
STto individlSl r^uirements and the display shaU t« inlO. 0% ----^^^^^^^ 
capacity. The display/electionics box may be an mtegral P«^.f .f!^^^ 
wnne^ to the probe via a standard DB25 cable m excess of 300 feet if reqmred. 

Claim 4. An apparatus in any one of claims U. or 3 v^in the cost of production 
would be inexpensive. 

Abstract of Disclosure 



apparatus 



Sif ^ be preserted as "% Full". Mons. Feet, or whatever 



units are appropriate. 
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BACKGROUND OF THE INVENTION 

nie proposed system is intended to measure, remotely, the changiiig levels in 
primarily water-based fluid in an enclosed tank. 

Many systems are cuiiently available to provide a display of the level of the liquid in a 
tank. 

T I s Pat No 5 705 747 to Bailey discloses a system and method of displaying a level of a 
^^d^n^iin'a tank, wherein the level of the Uquid is measuredusmg a s«ismg 
SSVudes a^^r inteifitce, a processor, and a scaleable graphical display. 

nus is a complex, sophisticated system intended for a more demanding application 
requiring elapsed time related data and requires a special tank. 

T T «i Pat No 3 548 657 to Panerai et al, discloses a system which provides a vertical bar 

^lly'r^es^nS^^^^^^ level of the liquid using specific OP^^ ^^8^"-^ 
sTS device nie sensing device includes a plurality of optical reflection pnsms 

sSSS^y and unifoJy illuminated by a luminous source located on one waU of 
the tank. 

This is a complex, sophisticated system intended for a more demanding appUcation 

• 1 J -i-u«w» oo«cino cv«tftm nre fitted to the tank. 



us Pat No 4 987 776 to Koon discloses a Storage installatioB which is caprf>le of ^ 
^cTo^l^Sn^terials. both conductive and non-conductive^includes a ^^f^^ 
ZSSmay be disposed eilher exterioriy or interiorly thereof ITie device has eith^ aae or 
aX^of S sens^ and sensor circuit pairs which are preferably disposed vertically 

tube which may be ^^^^^ T 
niaterial. Hie level sensors comprise respective sensmg capacitors. ^^^f^^J.^ 
Splate construcdoo. Grounded electrical contacts, if relatively adjacent, may cmpnse the 
S STSve sensing c^)acilor. Electrostatic force lines flow outward from 4e 
SS^^r^d are difftr^tially interfere with by tiie presence «r ^^^{^^ 
^S^^belsed Such interference affects ti»e diele^c constant of the respective senses 
capadtor. which can in turn be detected to drive a levd indicator display. 

This is a capacitance sensing system, complex, sophisticated and intended aj^J^ 
^^(LTpplication reqiling a special and elaborate sensing system pre fitted to the 
tank. Also requires an oscillator. 

US PatNo 4 780,705 to Beane discloses an overfill sensing system uses a capacitive 
^Ir a 2) on the interior of a tank for sensing the presence of a liqmd to cease the filhng 
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m, A compfflster (24) rewives the output on eaoh am of the ^^}f^>V^ 
SfatS^taSetiJ,. When a Uq^J *=-~S&lffe«ntial 

«^^g eSof fiUingp^andceasu^thefiUmgprocessfiom 

---'^ — detected. 



tank. Also requires an oscillator. 



Appl.No. 10/709,068 

Substitute Spedfication. 

Reply to OfiBce action of Dec 9* 2004 



4 



BRIEF SUMMARY OF THE INVENTION 



It is thus the object of this invention to provide a simple system that fulMs a li^it^ area 
of utilization. The proposed system provides an infi)q)ensive ^^^^^^f ^ 
moving parts or special sensors and does not require access to the bottom of the « 
rS^s, thftank is below ground or Ae problem of possible leakmg has to be 
SSTSlike prior systems the invention can be fitted to a pr^xistmg ^^^gomd 
^Tlimited aLss t^ the top of the tank and provides imote display ov^ 300 feet 
from the tank being monitored. Also, as the invention is umque m its simplicity, it is 
restricted in its use as follows. 

1. The fluid being monitored must have a conductivity greater than \6.3)tS/cm 

2. The size of the tank must be known and fixed. 

3. The fluid must not adhere excessively to the probe 

This eliminates its use for most oil based products but has many applications in the 
domestic, agricultural and industrial arena as follows: 

Successful tests have been carried out using this system with the foUowing fluids: 

Rain water Tap-water Ground water 

Pond water WeU-water Swimming pool water 

Milk Beer Wine 

Ammonia Bleach Liquid detergent 

Liquid fertilizer Insecticide Vinegar 

Waste water Septic Water 

* 

See table 3 and 4 for more detailed information. 

A preK^ibrated probe specifically designed for the user's application is one of the key 
d Jign features. The probe was designed to have the maxmium mvul^rability to 
problems of contamination encountered by other similar systems. Unfortunately Ae 
length of the probe has to be anticipated in accordance with the depfli of Ae levels bemg 
measured but can be made available in standard sizes or made to order. The stand^d 5 
foot version is detailed and the changes necessary for a 4 foot version also <tes<mbed. AU 
have a standard 1 % inch plumbing fitting. The system has been tested su^^essMy to 
lengths over 300 feet and as smaU as 2 inches on the prototypes. It is anbcipated that the 
users will be using standard sizes so mass production would not be a problem. 
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p^be consists of .0 <=o.du«ive P'a.^ -^^y ^^^'^^Z.tZ 
hostile environment This system 's amp e m ^ . »;i^^^cs box wilh its 



remote operation. 
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Brief Description of the Several Views of the Drawing 

Note: n« the block dtagmm of FIG. 1 to referenee tie sub iwemblie., their 
drawings and FIG. Numbers. 

FIG 1 isadiagjamoftheembodimentofatypical system as used on thepro^ 
^Srli^t^ol A 5 foot deep, below ground tank was used for dns purpose and 
for making drawings FIG, 3 - FIG.5, 

no 2 is a block diagram showing the complete system and its components referencing 
the appropriate assemblies and their drawmgs. 

FIG. 3 shows the mechanical detail of the integrated assembly. Imier probe, outer sheath, 
electronics box and interconnecting cables. 

HG. 4 shows the mechanical details of the outer sheath 
HG. 5 shows the mechanical details of the inner probe. 

na 6 shows how the design would be changed for the embodiment of a 4-foot deep 
s^tem 

nG. 7 is a complete electronic schematic of the electronics box. 
no 8 shows the detail of the plate connection and associated parts, 
no 9 shows the detail of the probe connector assembly 007. 
FIG. 10 shows the detail of interconnecting cable assembly 003 

HG. 1 1 shows the mechanical assembly of the display electronics box. 

FIG 12 shows the detail of display electronics box inteicomiecting cable assembly 004 

FIG. 13 shows connection detaU of Optional Data Output Jl.. 

FIG. 14 shows the display electronics box front panel 



FIG 15 shows the drilling data of the front panel. 

FIG. 16 shows a photograph of the Electronics Display Box pre production 
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FIG. 17 shows a photograph of the probe assembly (5 foot version). 



in 



_Tablft.l:Ajcomplete4jaitslist of the components iUustrated in FIG 7. & 14 is given i 
Table 1. 

TABLE 2: A complete parts Ust of the components illustrated in FIG 1 - 5 is given in 
Table 2 

TABLE 3 : Sample measurements were carried out on common materials to test their 
compatibility. The results are shown in Table 3. 

TABLE 4- Table 4 was included for comparison of some pubUshed fipr^ of EC 
(^l^cal CO— ty) and their respective IDS (Total Dissolved salts) for naturaUy 

occurring water. 
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Detailed Description of the Invention 

•niere are many ways of momtoring the fluid level in a lank rangmg from "lo^^g j^^ 
r ,^ing a dip stick, a mechanical float system or an external hydiauhc eye glass to tiie 
most sSiistiLed computer controlled systems with elaborate sensors. The proposed 
7ystem provides an inexpensive simple solution with no moving parts, or special sensore 
S not require ^ to the bottom of the tank, in n^y t^e t^ ^b^ w 
ground or the problem of possible leaking has to be addressed (SeeFIG 1 ). poww 
Lply and el^ tronics/display box may be 300 feet from tte tank bemg ^om^ed 
HG 1 & 3) and only one electronics/display box is required to serve any number of tanks 
to be monitored. 

TTie key to reliable operation of Ae system over and above other systems available, is 
having a weU defined on and off state for the indication of the liqmd levels. This 
requirement was addressed in the design philosophy in the foUowmg manner. 

Contamination and malfunction of the measurement sensors or transducer is elimmated 
by not using small intricate expensive devices at ail. Instead, a relatively large surface 
area (9 square inches) metal plate is used to detect each measurement mcrement. DetaUs 
of the plates are shown in FIG 8. 

Further definition of the exact turn on condition is achieved by the choice of the decision 
making circuits for the indicators in the elecfonics control box. This imfwrtant aspect is 
fiilly <tescribed in the section below labeled " Hectronic Circuit Hieory of Operation 



Electronic Circuit Theory of Operation 

Refer to electronic schematic FIG 7: 

PB 1 is a normally open push button switch. When a reading is to be taken. PB 1 
"READ" is pressed. LEDsl through LEDIO will illuminate in accordance to tiie fluw 
level in the vessel 10% through 100%. We shall use the 10 % reading cu-cmt for the 
purpose of this description and the design is merely repealed for the 20% to 100 /o 

circuits. 

01 is a PNP Bipolar Junction Transistor configured as a "normaUy ofi" switch. Und 
standard conditions the turn on voltage between the base and emitter connection was 
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found to be 745 Volts. NonnaUy open switch WL 10 and associated senes resistance 
R31 represent the fluid level reaching conducting the 10% plate or not 

NOTE- R3 1 represents the resistance of the fluid, once contact is made, and is not an 
actual component but is included, purely for demonstration of the theory of operation. 

WLIO will close when ihe fluid level reaches 10%. R2 w^ chosen as ^-^ K^^^^^uch 
that .745 Volts or greater would appear at the base of Ql if R3 1 was less tim 61 Kohms. 
R21 was chosen to Umit the current flowing through LED 1. Rl was included as 
protection from static, interference and inadvertent shorting of the probe, lie values ,^ed 
SuDugh out, were determined theoretically using normal electronics design techmques. 
They were then verified on a computer simulation and proven, with ejctensive m the 
field" experiments to determine the most practical values using standard readily available 
component. 

The actual values of the components wUl vary considerably with manufacturer's 
tolerances and the prevailing conditions but extensive experiments have shovm the 
components used, to provide correct performance and the best overall leahzation under 
the most demanding conditions. 

R3 1 (representing the resistance of the fluid) wiU vary considerably depending on the 
achi fluid being measured. 61 Kohms was used as the worse case scenano m the 
standard design presented here. Resistance values above this level wiU P»';^de 
reliable operation. It is therefore necessary to equate this value m tera^ of Electrical 
Conductivity (EC) for the fluid in question. It is normal to express the EC of flmds m 
units of uS/cm or derivatives thereof as shown in table 3 . Tlie probe design provides a 
+20% safety fector yielding 163 |iS/cm as the minimum electrical conductivity of 
acceptable fluids. Fluids with lower EC values will not work reliably with the 
standard version of the proposed apparatus. (However R2 may be mcreased m value 
to accommodate lower EC values for more specific requirements). 



It can be readUy seen that the standard apparatus as described wiU function 
.^w^a^iv nn all tiM> mmmon fluids it was claimed to. 



ThelO increments of "% FuU" are made available as parallel data output at connector 
(see FIG 7 & 13). 
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A complete parts list of the components illustrated in FIG 7, & 14 is given in Table 1 

TABLE 1 

REF.No Part Desaiption Qty Notes 



Rl,3,5,7,9,ll,13, 


7001 


15,17,19,21,22, 




23,24,25,26,27, 




28,29,30 




R2,4,6,8,10,12. 


7002 


14,16,18^0 




LEDl-10 


7004 


PBl 


7005 


VI 


7006 


BCl 


7009 


Ql-10 


7007 


BDl 


7008 


BXl 


7010 


FPl 


7011 


Ancillary Materials 





330 Ohm watt 20 
5% redstor 

6.8 Kohm 'A watt 10 
5 % resistor 

Red LED Ev^ght S mm 10 

Push Button N/0 switch 1 

9 Voh Battery 1 

Batt«y Clip Connector 1 

2N3906 PNP Transistor. 10 

Circuit Board 1 

Electronics Box 1 

Front Panel 1 

Connecting Wfre 6 foot 
Solder 60/40 



Wired in accordance with FIG, 7 
Part # TB-4 All Electronics Corp 
See no 14 
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A complete parts list of the components iUustrated in HG 1 - 5 is given in Table 2 



REF.No 


Part 


CP1,2.3,5A7,8.9.10 


8001 


CR1A3,4.5,6,7,8,9.10 


8002 


LKl.2,3,4,5.6,7.8,9,10 


8003 


NT1A3,4,5.6,7.8,9,10 


8004 


BLT1,2,3.4,5,6,7,8,9,10 


8004 


GR1.2 


800S 


ANGI 


8006 


CP1 


8007 


EI1 


8008 


Cable assemblies 


8009 



TABLE 2 

Description 

Conducti(m Plate 
Crimp Tenmnal 
Stainless Sted Lock 
Wadier#10 
Stainless Sted Nut 
#10 

Stunless Sted Bolt 

yj" # 10 

Grommet W32ID 9/16 



Qty 

10 
10 
10 

10 

10 
2 



PVC angle 3/4'X08X 6* 1 
PVC Threaded End 1 
Cap 1/4" 1 
PVC Elbow 1 %" 1 



Male Printer Cable 



Notes 

Falmcated as shown in FIG.8 
Ring term #22- #18 wire 8 -10 stud 



MouserPart# 5167-208 



Modified in acsordance with 
FIG 9 &12 



3 ' Aluminum Adhesive 1 

Tape. 6 foot role 

PVC adhesive 8oz 1 



Appmo. 10/709,068 

Substitute Specification. 

R^ly to Office action of Dec 9^ 2004 



12 



Sample measurements were carried out on common materials to test their compatibility. 

TABLE 3 



Measurements were made-on sample fluids using a propnetaiy conductivity meter. The 
instrument was calibrated using a reference standard conductivity solution of 
Potassium Chloride, traceable to MST standard reference certified material. 

Potasium Chloride Calibration Solution 1413 ^S/cm at 25 Degrees C. 
Fluid Material Conductivity 



Distilled water 
Collected Rain Water 
Botded Drinking Water 
Pool Water 
Pond water 

Chlorinated filtered Farm Tap -waiei 
Light Beer 

Swimming Pool Water 

1% Low Fat Milk 

Orange Juice fi^om Concentrate 

Guinness Stout 

Burgundy Wine 

Black Coffee 

White Coffee 

Household Ammonia 

Di^washing Detergent 

Household Bleach 

Septic tank sample 



3 MS/cm 
29 nS/cm 
S3 )jiS/cm 
245 y&fcm. 
395^S/cm 
454 ^S/cm 
900^S/cm 
1400 \iS/cm 
1999+ nS/cm 
1999+ nS/cm 
1999+ pS/cm 
1999+ nS/cm 
1999+ nS/cm 
1999+ nS/cm 
1999+ nS/cm 
1999+ fiS/cm 
1999+ MS/cm 
1999+ nS/cm 



As there is such large variance in the solutions and their concentrations these 
measurements were intended to just give a rough idea of the relative conductivity of 
various conmion solutions. All measuremoits w^ carried out at ajqjjroximately 25 
Degrees C, 
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TABLE 4 



There follows for comparison some published figures of EC (electrical conductivity) and 
their respective TDS (Total Dissolved salts) for naturally occurring water. 

CONDUCTIVITY AND TOTAL DISSOLVED SALT VALUES 



EC TDS 

(jiS/cm) (mg/L) 

DmdeLake 10 4.6 

Lake Superior 97 63 

Lake Tahoe 92 64 

Grindstone Lake 9S 65 

Ice Lake 110 79 

Lake Independence 316 213 

LakeMead 850 640 

Atlantic Ocean 43,000 35,000 

Great Salt Lake 158,000 230,000 

Dead Sea 7 -330,000 



